When erythrocytes are incubated with 32p;, incorporation of label into phosphoproteins is a gradual process, increasing for at least 2 hours. Membrane erythrocytes. Apyrase (EC 3.6.1.5) eliminates such labeling, demonstrating that it was occurring in the compartment external to the erythrocytes. However, in incubations of cells with 32p;, apyrase has no effect on the incorporation into membrane polypeptides and phospholipids, demonstrating that this labeling occurs on the inside of the membrane. Thus, additions of apyrase to intact particles incubated with protein kinase substrates and 32p; provides a method for identifying internally exposed polypeptides in the plasma membranes of a variety of systems.
Identifying externally exposed components of a cell or organelle limiting membrane now is a routine accomplishment (1) (2) (3) . It is more complex to identify internally exposed plasma membrane polypeptides. Some workers have chosen to physically occlude the external membrane surface or to invert membrane fragments to produce inside-out membrane vesicles (4, 5) . The erythrocyte often has been used for such studies (6) . Consequently, the structure of the erythrocyte membrane is understood in some detail (6) (7) (8) . However, questions about possible membrane structural rearrangements or skewing of population distributions during preparations remain unanswered (9) , and Wise (10) has shown that during the preparation of inside-out vesicles rearrangement of membrane proteins occurs. Others chose to chemically block reactive groups outside the plasma membrane before labeling with a fully permeable reagent (11) . However, high levels of chemical labeling can produce membrane lysis (12) . Also, this technique may not be applicable to particles with large concentrations of plasma membrane channel and transport proteins (13) .
We devised another strategy for identifying plasma membrane internal polypeptides. We reasoned that a demonstration of particle internal labeling must meet three criteria: (i) labeling should display relatively slow kinetics because the labeling reagent must cross the particle membrane prior to reaction, (ii) when substrates for labeling that do not enter the intact particle are added to the reaction mixture they should not be labeled, and (iii) when inhibitors of the labeling reaction that do not enter the particle are added to incubations they should have no effect on internal labeling. (20) .
In this manuscript we demonstrate that the above criteria can be met. We also discuss ways in which this technique can be adapted to identify internally exposed polypeptides in the surface membranes of other biological particles. Preparations of membranes and supernatants were detailed above. Unlabeled NaH2PO4 (1 mM) was added to the sample loading buffer to overcome background smearing on the gels. Gel Electrophoresis. Discontinuous NaDodSO4/PAGE was performed as described by Laemmli (21) using a 5% stacking gel at pH 6.8. Membranes were separated on a 5-15% gel gradient; supernatants were separated either on a 10% gel or a 5-15% gradient gel, both at pH 8.8 with a pH 8.3 running buffer.
MATERIALS AND METHODS
Gels were stained with Coomassie blue, destained with 50% methanol/10% acetic acid, photographed, and dried. Autoradiograms were prepared with Kodak XAR x-ray film and quantitated by scanning on a Hoefer (San Francisco) GS 300 densitometer. min label begins to appear in most or all of the membrane phosphoproteins, particularly bands 3, 4.1, 4.5 and phospholipids. After 2 hr of incubation the phospholipids and ,-spectrin display greatest incorporation. Others have found this labeling to increase linearly for at least 3 hr (16). Thus, incorporation from 32p; into most membrane components occurs, as expected, over several hours.
When supernatant proteins from incubations of intact erythrocytes with 32Pi are examined by separation into components on polyacrylamide gels, no labeled polypeptides are seen after autoradiography unless lysis of some cells has occurred (Fig. 2) to release internal components. Phosphorylase b (Mr 92,000) is a kinase substrate that does not increase the release of hemoglobin (measured by absorbance at 413 nm) into supernatants above control levels (unpublished data). Phosphorylase b was chosen to act as a reporter of protein phosphorylation external to the cells. The results of such incubations are shown in Fig. 2 . Phosphorylase b in the supernatants is never labeled by incubations of erythrocytes with 32Pi even if protein kinase is added. On occasion two labeled proteins of Mr 65,000 and 55,000 apparently are released by the erythrocytes, probably by lysis, because hemoglobin also was observed in the supernatants (Fig. 2) . They do not occur in the supernatants when cells are absent (Fig. 2 (Fig. 3) , unlike the incubations with p; (Fig. 2) .
Incorporation from [_y-32P]ATP and protein kinase also displays very different kinetics from incorporation by incubation with 2p; (Fig. 4) . The regulatory subunit of the protein kinase is labeled within 30 sec and labeling plateaus between 10 and 20 min when incorporation into some proteins is decreasing, while remaining steady or still increasing in others. The most significantly labeled polypeptide band always was the protein kinase regulatory subunit, followed by L W WI 1 .
---J J L LL.J I I I phosphorylase b, and then other bands from contaminants of the protein kinase preparation. None of these labeled bands was observed in supernatants when 32Pi replaced [_y-32P]ATP (see Fig. 1 (Fig. 5) . Supernatant polypeptides are phosphorylated to a degree inversely proportional to the amounts of apyrase added. Phosphorylation of phosphorylase b is eliminated at relatively low concentrations of apyrase (Fig. 5, AR, lane b) . Higher concentrations of apyrase are needed to eliminate incorporation into the readily phosphorylated regulatory subunit of protein kinase and its contaminants (Fig. 5, AR, lanes c-e) .
We conclude that suitable conditions may be found for the complete elimination of phosphate incorporation into even the most readily phosphorylated substrates external to these When erythrocytes are incubated with 32Pi and increasing amounts of apyrase, there is no alteration of 32p incorporation into membrane polypeptides and phospholipids (Fig.  6) . Thus, all of the membrane phosphoproteins labeled by incubating erythrocytes with 32Pi are, in fact, exposed inside the membrane.
DISCUSSION
When erythrocytes are incubated with 32p;, the label is converted into [32P]ATP, which can be used to label intracellular phosphoproteins. The slow, steady increase in 32p incorporation under these conditions agrees with reports of others on both labeling of ATP and phosphoproteins (17, 22, 23 peptides are phosphoproteins, and, even if they were, some may turn over their phosphate groups too slowly to be observable. However, Johnson et al. (23) suggested for the human erythrocyte that "most of the transmembrane polypeptides are phosphoproteins" and several of the cytoskeletal proteins are phosphorylated. By using this technique we have identified more internally exposed polypeptides of the chicken brain synaptic plasma membrane (unpublished data) than the number of externally exposed polypeptides we discovered using three different labeling methods (13, 31, 32) .
This technique also avoids the permeability problems associated with use of small molecules for asymmetric labeling (13) . In our experiments problems are avoided by generating the labeling reagent within the particles. The added proteins are not likely to cross intact membranes and even if apyrase did enter the particles it only would slow or stop the labeling reaction without confusing interpretation of the data.
The major limitations of this technique are that the particles to be labeled must possess (i) an intact membrane incapable of excluding Pi, (ii) a method for synthesizing ATP and releasing it into the cytoplasm, and (iii) an internal protein kinase that phosphorylates membrane polypeptides. Although in situ phosphorylation may not identify all of the internally exposed membrane polypeptides, it may serve to identify some of the more interesting ones from a regulatory
